The main feature of the effect of nanomaterials in composites is the considerable increase in the area of contact of the polymer/elastomer matrix with their surface, on account of which the maximum strengthening effect is achieved [1, 2] . The effect of nanoparticles based on carbon, silicon, and metal oxides in composites is fairly well known [1, 2] . As a rule, nanoparticles possess a high external specific surface (30-300 m 2 /g) and are introduced into the composite in concentrations of the order of 30 wt%. However, as regards the introduction of nanotubes and nanofibres into polymer and elastomer composites, there is no common opinion [3] [4] [5], especially taking into account the diversity of the structure and composition of the polymers and the methods of production, the structure, and the composition of the nanotubes. Here, carbon nanotubes are promising materials making it possible to create materials with fundamentally new properties [2] . Nanotubes on average possess a greater specific surface than nanoparticles (350-500 m 2 /g) and, because of their relatively high cost, are still, as a rule, regarded as additives introduced into composites in quantities of the order of 0.01-10 wt% [2] .
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Taking all this into account, the task was set in the present work to investigate the effect of carbon nanotubes on the properties of elastomeric materials based on a matrix of butadiene-styrene copolymer.
The initial specimens were carbon nanotubes synthesised by chemical vapour-phase deposition (CVD) at the IPRIM RAN using Fe/Al 2 O 3 and Co/ Al 2 O 3 catalysts. As a result of carrying out the reaction on the given catalysts, a black powder is obtained. Its agglomerates of micrometer size have a structure of interlaced bunches of multiwalled carbon nanotubes of over 2 µm length with an average external diameter of 20 nm (Figure 1a) .
Electron micrographs of carbon nanotubes in compositional contrast mode indicate the presence of inclusions of another phase (white points in Figure 1b) . The diameter of the inclusions is of the order of 20 nm, and presumably these are catalyst residues located within the nanotubes.
Carbon nanotubes obtained on Fe/Al 2 O 3 and Co/ Al 2 O 3 catalysts were introduced into an elastomer matrix based on a butadiene-styrene copolymer (SKS-30ARK rubber) in a quantity of 0.3 wt% (specimens 01 and 02 respectively). The nanotubes were introduced at the first stage of mixing in an internal mixer after charging of the rubber and before the introduction of all remaining ingredients. An assessment of the quality of nanotube dispersion in the elastomer matrix will be presented in subsequent papers. The properties of the manufactured elastomer composite specimens were compared with those of the initial unfilled matrix (specimen 03).
Data on the kinetics of vulcanisation of the prepared rubber mixes ( Table 1 ) indicate an increase in the maximum torque for mixes filled with carbon nanotubes obtained on an Fe/Al 2 O 3 catalyst (specimen 01). For these specimens there is an increase in the induction period of vulcanisation (in the vulcanisation start time). In terms of maximum torque, mixes filled with nanotubes obtained on a Co/Al 2 O 3 catalyst (specimen 02) fall into the unfilled mix category (specimen 03). From the obtained data it can be seen that mixes filled with nanotubes have a higher vulcanisation rate in the main period in comparison with an unfilled mix.
The obtained mechanical characteristics for the elastomer composites filled with carbon nanotubes indicate an increase in stresses in the entire range of relative elongations, and also a certain increase (by almost 55%) in strength (1.7 MPa) by comparison with the initial extremely low strength of the matrix (1.1 MPa) (see Figure 2 , Table 2 ).
Here, the type of catalyst also affects the mechanical properties. The introduction of nanotubes obtained on an Fe/Al 2 O 3 catalyst leads to a reduction in the elongation at break (260%) by comparison with that of an unfilled mix (290%), while the opposite is true in the case of a Co/Al 2 O 3 catalyst -it leads to an increase in the elongation at break (370%).The presence of catalyst residues (variable-valency metals) in the structure of the nanotubes (Figure 1b) can lead to changes in the structure of the vulcanisation network of the given specimens [4] , which is confirmed by the different tg δ values at optimum vulcanisation (for mixes with nanotubes obtained on an Fe/Al 2 O 3 catalyst the tg δ value is 0.09, and for mixes with nanotubes obtained on a Co/Al 2 O 3 catalyst it is 0.2) (see Table 2 ). When nanotubes are introduced into elastomer materials, likewise there is a reduction in Relative hysteresis (first cycle) (%) 6.6 10.2 11.5
Relative hysteresis (twentieth cycle) (%) 5.9 8.9 10.0
Figure 1. SEM micrographs in topographic contrast mode (a) and compositional contrast mode (b) of carbon nanotubes obtained by the CVD method
the relative hysteresis, which is of particular interest in combination with increase in the specific work of failure of specimens, the elastic modulus, and the strength of the obtained composites in comparison with the initial matrix ( Table 2) .
The results described above for specimens 01 to 03 were obtained on unfilled mixes, in which the main filler was absent. The next step of the investigation of nanotubes in rubber compounds was to introduce them in different concentrations into a filled composite.
For the new series of specimens, elastomer composites based on a matrix of butadiene-styrene copolymer (rubber SKS-30ARK) were chosen, where as the main filler use was made of microparticles of the mineral shungite with a size of up to 5 µm and a concentration of 65 parts per 100 parts elastomer matrix (initial specimen 1). Then, carbon nanotubes obtained on an Fe/Al 2 O 3 catalyst were added to the given composite in the following concentrations: 0.1, 0.3, 0.5, and 0.7 parts per 100 parts elastomer matrix (specimens 2 to 5 respectively).
The introduction of carbon nanotubes in a low concentration slightly increases the nominal strength (7.1 ± 0.32 MPa) by comparison with a vulcanisate filled with shungite alone (5.8 ± 0.08 MPa) (Table 3, Figure 3) . Thus, an increase in the nominal strength by roughly 22% was obtained. For specimens with nanotubes there is also an increase in the elongation at break from 300 to 350-400% (Table 3, Figure 3 ).
It is well known that the properties of composite materials in many ways are determined by the area of contact of the polymer matrix with the filler. The area of contact in the composites in the case of filling is connected with the size of the structural elements of the filler (particles, tubes, etc.), and also by their surface fractality [1] , which in a rough approximation makes it possible to judge the surface roughness of the nanomaterials. For nanotubes obtained on an Fe/Al 2 O 3 catalyst, from SEM micrographs in a scanning probe image processor (SPIP) program (Denmark), the average fractal dimension of the surface of their agglomerates was calculated to be 2.89 ( Table 2 ). This is significantly higher than the average fractal dimension obtained for carbon black particles with an average diameter of 20 nm (2.80 [2] ), taking into account that its theoretically possible range is 2.00-3.00. The given changes in the mechanical characteristics for elastomer composites filled with nanotubes by comparison with the initial matrix (see Table 2 ) are due to the high surface fractality of the nanotube agglomerates,
